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DETAILED REPORT 

1 . Name of the invention 
UNDERWATER LIGHTING DEVICE 

2. Sphere of patent request 
(claim 1) 

Claim 1 is concerning a underwater lighting device which is constructed as follows. The 
inner wall of hollow-center tube is made as a highly reflective surface and both ends are closed 
by a transparent cover. Then upper end of this hollow-center tube protrudes from the water 
surface, and the lower end is kept at a predetermined position in the water. 

(claim 2) 

Claim 2 is concerning the underwater lighting device in claim 1 where the apparent 
specific gravity of the whole hollow-center tube is near 1, at the same time, the lower end is 
heavier so that it will float in an almost vertical position. 

(claim 3) 

Claim 3 is concerning the underwater lighting device in claim 1 or 2 where heavy 
substances such as sand are used to fill a hollow annular cavity around the center to adjust the 
total apparent specific gravity. 

3 . Detailed explanation of the invention 

This invention is regarding a underwater lighting device which is suitable for an 
underwater farm. 

It is well known that growing fish or seaweed is promoted remarkably when sunlight is 
introduced into sea water or lake water. However, the clarity of seawater and lake water has 
decreased year after year due to pollution, and the depth of water where sunlight can reach is 
gradually becoming shallower. 

Meanwhile, creating an artificial facility for growing marine life, that is, an underwater 
farm at a depth of 10 to 200 m where fish and seaweed breed most easily has been suggested 
as a means of growing food. When such an underwater farm is created, it is necessary to 
artificially introduce sunlight to the bottom of the sea. 

Introducing sunlight to the bottom of the sea by using a bundle of optical fibers has been 
suggested. However, since the amount of light transmitted by a single optical fiber is very small, 
making a practical underwater facility requires a huge number of optical fibers. In addition, in 
order to acquire sufficient light at the bottom of the sea, it is necessary to use a highly 
transparent optical fiber which has extremely small absorption losses. Because of this, it will be 
an extremely expensive facility. 
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This invention offers a device for underwater lighting which solves the above problems 
and can introduce sunlight to great depths effectively and inexpensively. 

The underwater lighting device in this invention is constructed as follows. The inner wall 
of hollow-center tube is made as a highly reflective surface and both ends are closed by a 
transparent cover. Then upper end of this hollow-center tube protrudes from the water 
surface, and the lower end is kept at a predetermined position in the water. 

Sunlight that enters the end of the device in this invention which protrudes from the 
surface reaches the lower end of the device after being repeatedly reflected by the inner walls 
of the tube. It is then output from the lower end, and it illuminates predetermined under water 
areas or areas on the bottom of the sea. 

According to the above device, in contrast with optical fibers, since light passes through 
air inside the hollow-center tube, transmission losses are extremely small compared to the case 
when it passes through a solid such as glass. Also, since it is possible to make the inner 
diameter of the optical path very large, the number of reflections can be small. Because of this, 
reflective losses are also small. 

In addition, a tubular body such as the above has a very simple structure, and a single 
tube can irradiate an extremely wide area. Therefore, the facility cost can be small. So, it is 
effective as a underwater lighting device and practical for large-scale applications such as 
breeding facilities for marine life. 

In this invention, specific methods of creating a highly reflective surface on the inside of 
the tube include the following: highly reflective films such as plastic with evaporated aluminum is 
glued to the inner walls of the tube; a metal thin film such as silver or aluminum is applied to the 
inner walls using vapor deposition, etc.; thin mirrors with a 1 mm thick or less glass substrate is 
glued to the inner walls. 

A specific value for the inner diameter of the light tube cannot be specified since it 
depends on the application, condition of the water, depth of the water, etc. However, if the 
inner diameter is too small, reflective losses will be too high and a large number of devices will 
be required to attain a certain light level. Therefore, the effectiveness of this invention will drop. 
The inner diameter should be at least 100 m in general. In a large-scale facility such as an 
underwater farm, it is practical to use at least 300 m for the inner diameter of the tube. 

Data from research conducted for this invention were used to produce the graph in 
figure 4 which shows the relationship between the length of the light tube divided by the inner 
diameter (length of the shorter side in the case of a rectangular light pipe) and the percent of 
light transmitted. The L/D ratio is plotted on the x axis and the ratio of transmitted light divided 
by incident sunlight in calories (kcae/m 2 -h) is plotted on the y axis. The relationship is plotted 
using reflectivity of the inner wall as a parameter on the graph in figure 4. In this graph, curved 
line "a" shows measured results for a light tube using 5 m/m thick glass mirrors (reflectivity: 
approximately 75%) currently on the market on the inner walls. As understood from the graph, 
when the tube is rectangular with a 50 cm shorter side and the tube length is 10 m or more, 
sunlight at the exit will be approximately 20 % of the incident light. 

Curve "b" shows the case where aluminum-vapor-deposition film currently on the 
market (reflectivity: approximately 82 %) has been used. The L/D ratio is 25, and the 
irradiation ratio is approximately 25 %. Transmission efficiency is better than "a' 1 above. 
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Curve "c" shows the case when thin glass plate mirrors 2 m/m thick or less are used to 
line the light tube. In this case, reflectivity is 85 % or higher. When the L/D ratio is 30, the 
irradiation ratio is high such as 30 %. In other words, when a rectangular pipe with almost 1 
m 2 section is used as the light tube in this invention, even if the length is 30 m, 30 % or more of 
the sunlight incident on the water surface can be transmitted under water. If the tube length is 
20 m, sunlight can be transmitted at 65 % or higher efficiency. 

The cross section of the light tube can be any shape such as an oval, an irregular 
polygon, or a regular polygon in addition to a circle. 

The tube can be curved in addition to straight over the entire length. 

The device in this invention is arranged so that the upper end projects from the surface 
of the water and the lower end is placed at a predetermined position under water. Generally, 
the tube axis is fixed in an almost vertical position or it floats in a regular position. 

That is, the lighting device in this invention can be fixed to the supporting parts of a 
structure which has been set up securely on the bottom of the sea or the bottom of the lake. It 
is also possible to adjust the apparent specific gravity of the whole device close to "1" as 
indicated in the following example of practice and to make the lower end heavy so the device 
floats in an almost vertical position. In the latter case, since there will be hardly any wave 
loading, it is possible to simplify the structure greatly compared to the former case so the facility 
cost will be less. In addition, it can be moved easily if necessary. 

In the following, this invention is going to be explained in more detail based on the 
examples of practice shown in figures. 

Figure 1 is a lengthwise section of the lighting device of this invention. The lower end of 
long, thin, straight tube 1 with a highly reflective inner face 2 is closed tightly with transparent 
glass or plastic cover 3A that can sufficiently resist water pressure. The upper end is closed 
with a transparent cover 3B which has been surface treated with a low-pressure process. A 
float 4 is attached near the upper end of this tube 1, and an anchor 5 is connected to the lower 
end. The upper end IB floats in an almost vertical position in the water 7 where it protrudes 
from the surface of the water 6. Sunlight 8, which enters the tube through the transparent cover 
3B on the upper opening is transported downward by repeated reflection from the inner face 2 
of the tube. Light is radiated from the lower end 1 A of the tube through the transparent cover 
3A so that the sea bottom 9 will be illuminated. 

In more detail, as shown in figure 2, the tube 1 has a double layer structure as follows. 
In this example, the inner face 2 is made into a highly reflective surface by a plastic film coated 
by vapor deposited aluminum. This example uses an inner tube 10 made of iron pipe 3 m/m 
thick and 35 cm outer diameter. Concentric with the inner tube 10 is an outer tube 1 1 made of 
iron pipe 5 m/m thick and 100 cm inner diameter. This forms a double- wall tube. 

A gap 12 with a fixed width is formed between the outer face of the inner tube 10 and 
the inner face of the outer tube 11. This gap 12 is filled with a filler 13 which consists of 
relatively inexpensive material in the form of grains or blocks. The amount of filler such as 
sand, smashed stone, or iron powder is varied to adjust the apparent specific gravity of the 
device. 

Buoyancy provided by the water is balanced by the weight of the filler 13 so that the 
apparent specific gravity of the whole tube 1 is around 1 . By attaching a float 4 near the upper 
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end and attaching a weight to the bottom the device can stabilized in a nearly vertical position. 
An anchor 3 will prevent the device form moving around. 

The outer tube 1 1 can be made of any suitable material - there is no specific limitation 
as long as it can withstand the water pressure and can resist erosion. For instance, it could be 
made of glass fiber reinforced plastic (FRP), metal, glass fiber reinforced concrete (GRC). etc. 
The inner tube 10 can be made from similar materials. 

The outer face of the lower transparent cover 3 A has a wiper 14 for preventing 
contamination by marine creatures. The face of the transparent cover can be cleaned regularly 
by remote control from the surface. 

Figure 3 shows a different structural example of the tube 1. In this example, the inner 
tube 10 is a square (rectangular) section. For example, thin glass mirrors 15 with 0.7 m/m 
thickness are glued to the inner walls of the square inner tube 10, and a highly reflective face 2 
is formed. As an example, the inner tube 10 made from 3 mm thick iron plate has a square 
section 70 cm on each side. The outer tube 1 1 is circular and made from iron 5 m/m thick and 
having a 10 cm inner diameter. The gap is filled with iron powder 13. 

The double-wall tube lighting device above will have good deep water efficiency when it 
is operated as shown in figure 5 (jpl) to (jp2). 

That is, the gap between the inner and outer walls of a relatively short (approximately 2 
m) double-wall tube 16 is filled with a filler 13 until the upper end slightly protrudes from the 
surface of the water. This tube is formed by an inner tube 10 and outer tube 1 1 connected by 
a flange 17. A filler 13 such as sand is used to fill the gap between the inner and outer faces of 
the tube 1 8 from the top so that weight balances the buoyancy. The lower part of the tube 1 6 
is completely sunk in the water and the unit is connected so that light can reach deep in the 
water. 

Figure 6 shows another example of practice of this invention. In this example, instead of 
adjusting the apparent specific gravity of the tube 1 by placing a filler 13 between the double 
walls, a float 4 is attached near the top. A flange 20 on the lower end of the tube 1 is loaded 
with annular weights 19 until the apparent specific gravity is near 1. This method also improves 
stability. 

Figure 7 shows another example of this invention. In this example, many transparent 
tubes 1 with highly reflective inner faces are attached to a support frame 21 in a vertical 
position with spaces between them. Then the assembly is attached to a float 22 which is fixed 
on end of this frame, and an anchor 5 is connected near the lower end of the tube 1 . This 
structure is suitable for illuminating a large bottom area by sunlight. 

The upper end of each transparent tube 1 has a light-collecting optical system 23 such 
as a convex lens, point focus fresnel lens, linear focus fresnel lens, or a parabolic mirror, etc. 
which directs light into each light-conducting tube 1. 

This light-collecting optical system 23 can be driven to change its angle to collect 
sunlight most effectively by following the sun. This drive system is not shown in the figure. 
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4. Simple explanation of figures 

Figure 1 is a lengthwise section of one example of practice of this invention; figure 2 is a cross 
section of the tube in the device in figure 1; figure 3 is a cross section which shows another 
structural example of a tube; figure 4 is graph which shows a performance comparison for 
different reflective materials that can be used in the light tube; figure 5 (jpl) (jp2) are sections 
which show one method of constructing the device of this invention; figure 6 is a lengthwise 
section of another example of practice of this invention; and figure 7 is a side view which shows 
an example of practice where many light-collecting tubes are used. 

1 : light-collecting tube 

2: highly-reflective face 

3A, 3B: light transmitting cover 

4: float 

5: anchor 

6: surface of the water 
8: sunlight 
10: inner tube 
1 1 : outer tube 

13: filler for adjusting apparent specific gravity 
Applicant of the patent :Nippon Ita-Glass K.K. 
Assigned representative: Seiichi Ohno, patent attorney 
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